WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 

C12N 15/86, 9/00, A61K 48/00, C12N 
SAO, 15/49 



Al 



(11) International Publication Number; 
(43) International Publication Date: 



WO 97/20060 

5 June 1997 (05.06.97) 



(21) International Application Number: PCT/US96/18997 

(22) International Filing Date: 27 November 1996 (27.1 1.96) 



(50) Priority Data: 
08/563,459 



28 November 1995 (28.1 1,95) US 



(71) Applicant: THE JOHNS HOPKINS UNIVERSITY SCHOOL 

OF MEDICINE [US/US); 720 Rutland Avenue, Baltimore, 
MD 21205 (US). 

(72) Inventors: DROPULIC, Boro; 12637 Golden Oak Drive, 

Ellicott City, MD 21042 (US). PITHA, Paula, M.; 5503 
Huntley Square, Baltimore, MD 21210 (US). 

(74) Agents: KILYK, John, Jr. et al.; Leydig, Voit & Mayer, 
Ltd., Suite 4900, Two Prudential Plaza, 1 80 North Stetson, 
Chicago, IL 60601-6780 (US). 



(81) Designated States: AL, AM, AT, AU, AZ, BB, BG, BR. BY, 
CA, CH, CN. CZ, DE, DK, EE, ES, FI. GB, GE, HU, IL, 
IS. JP, KE, KG, KP, KR, KZ, LK, LR, LS, LT, LU, LV, 
MD, MG, MK, MN, MW, MX, NO, NZ, PL. PT. RO, RU, 
SD, SE, SG, SI, SK, TJ, TM, TR, TT, UA, UG, UZ, VN, 
ARIPO patent (KE, LS, MW, SD, SZ, UG), Eurasian patent 
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM). European patent 
(AT, BE, CH, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, 
MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: CONDITIONALLY REPLICATING VIRAL VECTORS AND THEIR USE 



(57) Abstract 

The present invention provides a conditionally replicating viral vector, 
methods of making, modifying, propagating and selectively packaging, and 
using such a vector, isolated molecules of specified nucleotide and amino acid 
sequences relevant to such vectors, a pharmaceutical composition and a host 
cell comprising such a vector, the use of such a host cell to screen drugs. The 
methods include the prophylactic and therapeutic treatment of viral infection, 
in particular HIV infection, and, thus, are also directed to viral vaccines and 
the treatment of cancer, in particular cancer of viral etiology. Other methods 
include the use of such conditionally replicating viral vectors in gene therapy 
and other applications. 
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36. A method of propagating and selectively 
packaging a conditionally replicating vector without 
using a packaging cell line, which method comprises: 

(a) contacting the conditionally replicating vector 
with a cell capable of being infected by another vector, 
which is the same type of vector as the conditionally 
replicating vector and which differs from the 
conditionally replicating vector by being wild-type for 
replication competency; 

(b) contacting the cell of (a) with said another 
vector of (a) ; and 

(c) culturing the cell of (b) under conditions 
conducive to the propagation of said conditionally 
replicating vector. 

37. An isolated and purified nucleic acid molecule 
selected from the group consisting of a DNA molecule 
comprising a nucleotide sequence selected from the group 
consisting of SEQ ID NOS: 2, 6, 7, 15, 16, 17 and 18 and 
a RNA molecule comprising a nucleotide sequence encoded 
by a nucleotide sequence selected from the group 
consisting of SEQ ID NOS: 2, 6, 7, 15, 16, 17 and 18. 

38. A method of inhibiting the replication of a 

25 wild-type strain of a virus in a host cell, which method 
comprises contacting the host cell, which is capable of 
being infected with the wild-type strain of the virus, 
with a vector of claim 1, the presence, transcription or 
translation of which inhibits the replication of the 

30 wild-type strain of virus in the host cell. 

39. A method of inhibiting the replication of a 
wild-type strain of a virus in a host cell, which method 
comprises contacting the host cell, which is capable of 

35 being infected with the wild-type strain of the virus, 

with a vector of claim 14, the presence, transcription or 
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WHAT IS CLAIMED IS: 

1. A conditionally replicating viral vector, which 
is characterized by a capacity to replicate only in a 
host cell that is permissive for replication of said 
vector, and wherein said vector comprises at least one 
nucleic acid sequence, the presence, transcription or 
translation of which confers to said vector in a host 
cell, which is permissive for replication of said vector, 
a selective advantage over a wild-type strain of virus 
corresponding to the virus from which said vector was 
derived or a helper. 



2. The conditionally replicating viral vector of 
claim 1, wherein said at least one nucleic acid sequence 
15 comprises a nucleotide sequence, which comprises or 

encodes, in which case it expresses, a genetic antiviral 
agent, which adversely affects the replication and/or 
expression of a virus other than said vector. 

20 3 - The conditionally replicating viral vector of 

claim 2, wherein said genetic antiviral agent is selected 
from the group consisting of an antisense molecule, a 
ribozyme, and an immunogen. 

25 4 « The conditionally replicating viral vector of 

claim 2, wherein said genetic antiviral agent is a 
ribozyme . 



5. The conditionally replicating .viral vector of 
claim 4, wherein said vector is derived from a human 
immunodeficiency virus. 



6. The conditionally replicating viral vector of 
claim 4, wherein said vector is derived from a 
35 Togaviridae. 
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7. The conditionally replicating viral vector of 

claim 4, wherein the catalytic domain of said ribozyme 

cleaves the nucleotide sequence of SEQ ID NO: 3. 

5 8. The conditionally replicating viral vector of 

claim 4, wherein said ribozyme is encoded by. a sequence 
selected from the group consisting of SEQ ID NO: 4 and 
SEQ ID NO: 5. 



10 9. The conditionally replicating viral vector of 

claim 5, wherein said wild-type strain of virus comprises 
a nucleotide sequence encoded by SEQ ID NO: 1 and said 
vector, if DNA, comprises a nucleotide sequence selected 
from the group consisting of SEQ ID NOS : 2, 4, 5, 6, 7, 

15 15, 16, 17 and 18, and said vector, if RNA, comprises a 
nucleotide sequence encoded by a nucleotide sequence 
selected from the group consisting of SEQ ID NOS: 2, 4, 
5, 6, 7, 15, 16, 17 and 18. 

20 10. The conditionally replicating viral vector of 

claim 5, wherein said vector lacks the tat gene and its 
splice site from the genome of the human immunodeficiency 
virus, wherein said human immunodeficiency virus is wild- 
type. 

25 

11. The conditionally replicating viral vector of 
claim 10, wherein, in place of said tat gene and its 
splice site, said vector comprises a triple anti-Tat 
ribozyme cassette, wherein the catalytic domain of each 
30 ribozyme of the triple ribozyme cassette cleaves a 

different site on a wild-type human immunodeficiency 
viral nucleic acid molecule. 



12. The conditionally replicating viral vector of 
35 claim 11, wherein said wild-type human immunodeficiency 
viral nucleic acid molecule comprises tat and the 
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catalytic domain of each ribozyme of the triple ribozyme 
cassette cleaves a different site within tat. 
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13. The conditionally replicating viral vector of 
claim 11, wherein the catalytic domain of each ribozyme 
cleaves a nucleotide sequence in a region of a nucleic 
acid molecule of wild-type human immunodeficiency virus 
for which there is no ribozyme-resistant counterpart in 
the vector, itself. 



14. A conditionally replicating viral vector, which 
is characterized by a capacity to replicate only in a 
host cell that is permissive for replication of said 
vector, and wherein said vector comprises at least one 

15 nucleic acid sequence, the presence, transcription or 
translation of which confers to a host cell, which is 
infected with said vector, a selective advantage over a 
cell infected with a wild-type strain of virus 
corresponding to the virus from which said vector was 

20 derived or a helper. 

15. The conditionally replicating viral vector of 
claim 14, wherein said at least one nucleic acid sequence 
comprises a nucleotide sequence encoding a multidrug 

25 resistance. 



16. The conditionally replicating viral vector of 
claim 15, wherein said vector is derived from a human 
immunodeficiency virus. 

30 

17. The conditionally replicating viral vector of 
claim 15, wherein said vector is derived from a 
Togaviridae. 

35 18 • Th e conditionally replicating viral vector of 

claim 16, wherein said at least one nucleic acid sequence 
comprises a nucleotide sequence selected from the group 
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consisting of a nucleotide sequence encoding a mutant 
protease and a nucleotide sequence encoding a mutant 
reverse transcriptase . 

5 19. The conditionally replicating viral vector of 

claim 1, wherein said vector further comprises at least 
one additional nucleic acid sequence, the presence, 
transcription or translation of which confers to a host 
cell/ which is infected with said vector, a selective 
10 advantage over a cell infected with a wild-type strain of 
virus corresponding to the virus from which said vector 
was derived or a helper. 

20. The conditionally replicating viral vector of 
15 claim 19, wherein said at least one additional nucleic 

acid sequence comprises a sequence encoding a multidrug 
resistance . 

21. The conditionally replicating viral vector of 
20 claim 19, wherein said vector is derived from a human 

immunodeficiency virus, 

22. The conditionally replicating viral vector of 
claim 19, wherein said vector is derived from a 

25 Togaviridae. 

23. The conditionally replicating viral vector of 
claim 21, wherein said at least one additional nucleic 
acid sequence comprises a nucleotide sequence selected 

30 from the group consisting of a nucleotide sequence 

encoding a mutant protease and a nucleotide sequence 
encoding a mutant reverse transcriptase. 

24. The conditionally replicating viral vector of 
35 claim 23, wherein said vector is selected from the group 

consisting of crHIV-1.1, crHIV-1.11, crHIV-1.12, and 
crHIV-1.111. 
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25. A pharmaceutical composition comprising a 
vector of claim 1 and a pharmaceutical^ acceptable 
carrier. 

26. A pharmaceutical composition comprising a 
vector of claim 14 and a pharmaceutical^ acceptable 
carrier. 



27. A pharmaceutical composition comprising a 
vector of claim 19 and a pharmaceutical^ acceptable 
carrier. 

28. A host cell comprising a vector of claim 1. 

29. A host cell comprising a vector of claim 14. 

30. A host cell comprising a vector of claim 19. 

20 31. A vector, wherein said vector, if DNA, 

comprises a nucleotide sequence selected from the group 
consisting of SEQ ID NOS: 2, 4, 5, 6, 7, 15, 16, 17 and 
18 and wherein said vector, if RNA, comprises a 
nucleotide sequence encoded by a nucleotide sequence 
selected from the group consisting of SEQ ID NOS: 2, 4, 
5, 6, 7, 15, 16, 17 and 18. 

32. A method of engendering a vector, which is 
derived from a wild-type human immunodeficiency virus and 
which is capable of replicating only in a host cell that 
is permissive for replication of said vector, with a 
ribozyme, which is comprised within or encoded by said 
vector and which cleaves a nucleic acid of a wild-type 
human immunodeficiency virus but not the vector, itself, 
and its transcripts, if any, which method comprises: 

(a) obtaining a vector, which is derived from a 
wild-type human immunodeficiency virus and which is 
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capable of replicating only in a host cell that is 
permissive for replication of said vector; and 

(b) incorporating into the vector of (a) a nucleic 
acid sequence, which comprises or encodes, in which case 
5 it also expresses, a ribozyme, the catalytic domain of 
which cleaves a nucleic acid of a wild-type human 
immunodeficiency virus but not the vector, itself, and 
its transcripts, if any. 



10 33. The method of claim 32, wherein step (b) 

comprises : 

(i) deleting from said vector a nucleotide sequence 
comprising or encoding the U5 sequence of the wild-type 
human immunodeficiency virus; and 

15 (ii) inserting into the vector of (i) a nucleotide 

sequence selected from the group consisting of SEQ ID 
NOS: 2, 6, 7, 15, 16, 17 and 18, if the vector is DNA, 
and a nucleotide sequence encoded by a nucleotide 
sequence selected from the group consisting of SEQ ID 

20 NOS: 2, 6, 7, 15, 16, 17 and 18, if the vector is RNA. 



34. The method of claim 32, wherein said vector 
replicates in a host cell permissive for replication of 
25 said vector more than once. 



35. A method of modifying a vector, which method 
comprises : 

(a) obtaining a vector; and 

30 (b) introducing into the vector of (a) a nucleotide 

sequence selected from the group consisting of the DNA 
sequences of SEQ ID NOS: 2, 4, 5, 6, 7, 15, 16, 17 and 
18, if the vector is DNA, and a nucleotide sequence 
encoded by a nucleotide sequence selected from the group 

35 consisting of SEQ ID NOS: 2, 4, 5, 6, 7, 15, 16, 17 and 
18, if the vector is RNA. 
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